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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE, SUBSTRATE 

TREATMENT METHOD, AND 
SEMICONDUCTOR MANUFACTURING 

APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for manufac 

turing a semiconductor device, a substrate treatment method, 
and a semiconductor manufacturing apparatus, and more 
particularly to an improved method for phosphorus 
diffusion, in Which phosphorus is diffused into a silicon ?lm, 
such as a polysilicon ?lm or an amorphous silicon ?lm, 
Which is an under-layer formed on a substrate such as glass 
or a silicon Wafer. 

2. Description of the Related Art 
The “diffusion step” in a semiconductor device manufac 

turing process is, for example, a step in Which phosphorus, 
arsenic, boron, or another such impurity element is diffused 
in a silicon substrate. This phosphorus diffusion controls 
resistivity or sheet resistance by introducing phosphorus (P), 
Which is an n-type impurity, through diffusion after the 
formation of a polysilicon ?lm used as a resistor or Wiring 
material or a gate electrode of a MOS transistor. 

FIG. 4 is a simpli?ed structural diagram of the diffusion 
apparatus used in the past to perform this phosphorus 
diffusion. The phosphine gas (or a mixed gas containing 
phosphine) that passes through a gas supply pipe 1 must be 
decomposed and activated. Methods that have been 
employed to decompose and activate this gas include heat 
ing in a gas preheating chamber 2 converting the gas into a 
plasma With a plasma generator 6, and utiliZing the energy 
of heating a silicon Wafer W in a reaction tube 5. The gas 
activated in the gas preheating chamber 2 or the plasma 
generator 6 is supplied from a gas introduction ?ange 3 to 
the reaction tube 5, Which consists of a quartZ tube or the 
like. The Wafer W, on Whose surface is formed a silicon ?lm 
such as a polysilicon ?lm or an amorphous silicon ?lm, is 
inserted into the reaction tube 5 and heated by a heater 4. 
Phosphorus is diffused into the silicon ?lm by alloWing 
activated phosphine or a mixed gas containing phosphine to 
How over this heated Wafer W. The gas supplied to the 
reaction tube 5 is draWn out of an exhaust ?ange 7 by a 
vacuum pump 8 and exhausted through a gas exhaust pipe 

In a phosphorus diffusion process such as this, a Wafer on 
Which a silicon ?lm such as a polysilicon ?lm or an 
amorphous silicon ?lm has been formed is heated, after 
Which phosphine or a mixed gas containing phosphine is 
alloWed to How over this substrate so that the phosphorus is 
diffused into the silicon ?lm. In the past this How of gas Was 
timed such that the phosphine or mixed gas containing 
phosphine ?oWed after the temperature of the Wafer W had 
been raised to the diffusion process temperature. 

Unfortunately, the folloWing problems Were encountered 
With conventional methods in Which the gas ?oWed after the 
temperature of the substrate had been raised to the process 
temperature. 

(1) When the underlying ?lm is polysilicon, it is dif?cult 
to diffuse the phosphorus. If the underlying ?lm is an 
amorphous silicon ?lm, though, the amorphous silicon ends 
up migrating to the polysilicon by the substrate temperature 
raising, after Which it tends to be more dif?cult to diffuse the 
phosphorus. 
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2 
(2) During the substrate temperature raising, an in-plane 

temperature distribution in this substrate temperature raising 
process results in uneven polysilicon conversion Within the 
substrate plane, so the concentration in Which the phospho 
rus is diffused Within the substrate plane cannot be kept 
uniform. 

The inventors discovered that the Way phosphorus enters 
an amorphous silicon ?lm is different from that With a 
polysilicon ?lm, and that phosphorus has considerable dif 
?culty entering a polysilicon ?lm, and arrived at the present 
invention on the basis of the knowledge that the phosphorus 
should be diffused into an amorphous silicon ?lm that has 
yet to make the transition to a polysilicon ?lm, or While the 
?lm is in a mixed crystal state consisting of both amorphous 
and polycrystalline forms, as a result thereof, the condition 
is obtained in Which the phosphorus can be easily doped by 
enhancing the rate-determining factor of polysilicon con 
version utiliZing respective properties of the elements, phos 
phorus of Group 5 and silicon of Group 4. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the above 
problems encountered With prior art and provide semicon 
ductor device manufacturing method and a semiconductor 
manufacturing apparatus With Which phosphorus diffusion is 
easy and the diffused phosphorus concentration can be easily 
controlled, Which is accomplished by varying the timing at 
Which the dopant gas is alloWed to start ?oWing. 

The ?rst invention is a method for manufacturing a 
semiconductor device, comprising raising to a process tem 
perature a temperature of a substrate on Whose surface a 
silicon ?lm has been formed and diffusing phosphorus in the 
silicon ?lm, Wherein the diffusing step includes a diffusing 
step Which diffuses the phosphorus in the silicon ?lm by 
exposing the substrate to phosphine or a mixed gas contain 
ing phosphine in the process in Which the temperature of the 
substrate is raised to the process temperature. 
The above-mentioned substrate is glass, a silicon Wafer, or 

the like. The process temperature is the temperature required 
to introduce phosphorus (an impurity, or dopant) through 
diffusion into a certain region of a silicon ?lm at the desired 
diffusion depth and concentration distribution. The gas that 
?oWs over the substrate may be phosphine gas alone or a 
mixed gas containing phosphine. The semiconductor device 
is a NOS transistor, a bipolar transistor, or the like. 
With the ?rst invention, in the substrate temperature 

raising process in Which the temperature of the substrate is 
raised to the process temperature, the substrate is exposed to 
phosphine or a mixed gas containing phosphine before the 
temperature of the substrate actually is raised to the process 
temperature, so it is easier for the phosphorus to enter the 
silicon ?lm than When the substrate is exposed to the gas 
after the temperature of the substrate being raised to the 
process temperature, Which means that the diffusion of 
phosphorus into the silicon ?lm is promoted and uniformity 
of the phosphorus concentration is enhanced. 
With the ?rst invention, While exposing the substrate to 

phosphine or a mixed gas containing phosphine, the phos 
phine or mixed gas containing phosphine can be alloWed to 
How over the substrate. 

Alternatively, With the ?rst invention, phosphine or a 
mixed gas containing phosphine may be introduced in the 
reaction chamber in Which the substrate has been inserted, 
While exposing the substrate to the phosphine or mixed gas 
containing phosphine in this case, throughput is improved 
because the gas introduction step and substrate heating step 
are carried out in parallel. 
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Alternatively, With the ?rst invention, While exposing the 
substrate to phosphine or a mixed gas containing phosphine, 
the phosphine or mixed gas containing phosphine can be 
allowed to be introduced into the reaction chamber and 
sealed therein after the substrate has been inserted in the 
reaction chamber but before the temperature of the substrate 
is raised, and the How of the phosphine or mixed gas 
containing phosphine can be alloWed to be halted during the 
raising of the temperature of the substrate. In this case, 
throughput is not as good since the gas introduction step and 
substrate heating step are carried out separately, but the same 
effect is obtained as When the gas introduction step and 
substrate heating step are carried out in parallel. 

With the ?rst invention, the mixed gas containing phos 
phine can be a mixed gas containing phosphine and nitrogen, 
a mixed gas containing phosphine and hydrogen, or a mixed 
gas containing phosphine and helium. 

With the ?rst invention, the process temperature is pref 
erably 450 to 800° C. Doping Will become the rate 
determining factor if the polysilicon conversion temperature 
(over about 600° C.) is reached during the phosphorus 
diffusion, so a loW-temperature process of about 450° C. is 
best. When out-diffusion during exhaust after the substrate 
treatment is taken into account, the upper limit temperature 
is 800° C. 

With the ?rst invention, the temperature raising time is 
preferably 1 to 3 minutes in the substrate temperature raising 
process in Which the temperature of the substrata is raised to 
the process temperature. This is because the time must be as 
short as possible in order shorten the time a WELL diffusion 
layer in the transistor under a capacitor is heated. 

With the ?rst invention, the silicon ?lm may also be in an 
amorphous state or in a mixed crystal state consisting of both 
amorphous and polycrystalline forms. HSG (Hemi 
Spherical Grained Silicon) is an example of a mixed crystal 
state consisting of both amorphous and polycrystalline 
forms. 

With the ?rst invention, it is preferable if the substrate 
continues to be exposed to the phosphine or mixed gas 
containing phosphine even after the temperature of the 
substrate has reached the process temperature. If the sub 
strate continues to be exposed to the phosphine or mixed gas 
containing phosphine even after the temperature of the 
substrate has reached the process temperature, then diffusion 
of the phosphorus into the silicon ?lm Will be further 
promoted and the phosphorus concentration and the unifor 
mity of the phosphorus concentration Will be even better. 

The second invention is a method for manufacturing a 
semiconductor device, comprising raising to a process tem 
perature a temperature of a substrate on Whose surface a 
silicon ?lm has been formed and diffusing phosphorus in the 
silicon ?lm, Wherein the diffusing step includes a diffusing 
step Which diffuses the phosphorus in the silicon ?lm by 
exposing the substrate to phosphine or a mixed gas contain 
ing phosphine before the silicon ?lm crystalliZes. 

With the second invention, the substrate is exposed to 
phosphine or a mixed gas containing phosphine before the 
silicon ?lm crystalliZes. Accordingly, the phosphorus can be 
diffused While the ?lm is still a silicon ?lm that has not yet 
completely crystalliZed. As a result, the phosphorus concen 
tration and the uniformity of the phosphorus concentration 
can be improved in a phosphorus-doped silicon ?lm. Also, 
since the gas ?oWs before any deviation occurs in 
crystallization, the phosphorus diffusion concentration 
Within the substrate plane can be uniformly controlled. 

Alternatively, With the second invention, While exposing 
the substrate to phosphine or a mixed gas containing 
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4 
phosphine, the phosphine or mixed gas containing phos 
phine can be made to How over the substrate. 

Alternatively, With the second invention, the silicon ?lm 
may also be in an amorphous state or in a mixed crystal state 
consisting of both amorphous and polycrystalline forms. 

Alternatively, With the second invention, While exposing 
the substrate to phosphine or a mixed gas containing 
phosphine, the phosphine or mixed gas containing phos 
phine can be alloWed to be introduced into the reaction 
chamber and sealed therein after the substrate has been 
inserted in the reaction chamber but before the temperature 
of the substrate is raised, and the How of the phosphine or 
mixed gas containing phosphine can be alloWed to be halted 
during the raising of the temperature of the substrate. 
The third invention is a substrate treatment method, 

comprising raising to a process temperature a temperature of 
a substrate on Whose surface a silicon ?lm has been formed 
and diffusing phosphorus in the silicon ?lm, Wherein the 
diffusing step includes a diffusing step Which diffuses the 
phosphorus in the silicon ?lm by exposing the substrate to 
phosphine or a mixed gas containing phosphine in the 
process in Which the temperature of the substrate is raised to 
the process temperature. 
With the third invention, in the substrate temperature 

raising process in Which the temperature of the substrate is 
raised, the substrate is exposed to phosphine or a mixed gas 
containing phosphine before the temperature of the substrate 
actually is raised to the process temperature, so it is easier 
for the phosphorus to enter the silicon ?lm than When the 
substrate is exposed to the gas after the temperature of the 
substrate being raised to the process temperature, Which 
means that the diffusion of phosphorus into the silicon ?lm 
is promoted and the phosphorus concentration and unifor 
mity of the phosphorus concentration is enhanced. 
With the third invention, While exposing the substrate to 

phosphine or a mixed gas containing phosphine, the phos 
phine or mixed gas containing phosphine can be also made 
to How over the substrate. 

Alternatively, With the third invention, While exposing the 
substrate to phosphine or a mixed gas containing phosphine, 
the phosphine or mixed gas containing phosphine can be 
also alloWed to be introduced into the reaction chamber and 
sealed therein after the substrate has been inserted in the 
reaction chamber but before the temperature of the substrate 
is raised, and the How of the phosphine or mixed gas 
containing phosphine can be alloWed to be halted during the 
temperature raising of the substrate. 
The fourth invention is a semiconductor manufacturing 

apparatus, comprising a reaction tube, a gas introduction 
mechanism that introduces phosphine or a mixed gas con 
taining phosphine into the reaction tube, a gas exhaust 
mechanism that exhausts the gas introduced into the reaction 
tube, a heater that raises a temperature of a substrate on 
Whose surface a silicon ?lm has been formed to a process 
temperature inside the reaction tube, and a controller that 
introduces the phosphine or a mixed gas containing phos 
phine into the reaction tube by controlling the gas introduc 
tion mechanism in the process in Which the temperature of 
the substrate is being raised to the process temperature. 

Thus, phosphorus can be diffused before the temperature 
of the substrate is raised to the process temperature, Which 
is accomplished by a simple structure in Which the How of 
the phosphine or the mixed gas containing phosphine is 
controlled by the controller to start in the substrate heating 
process before the temperature of the substrate reaches to the 
process temperature, rather than after the temperature of the 
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substrate has already reached to the process temperature, so 
the phosphorus concentration can be increased, and the 
diffusion is controlled so that the substrate in-plane phos 
phorus concentration is kept uniform. 

With the fourth invention, the silicon ?lm may also be in 
an amorphous state or in a mixed crystal state consisting of 
both amorphous and polycrystalline forms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a step diagram illustrating an embodiment of the 
phosphorus diffusion method; 

FIG. 2 is a simpli?ed structural diagram of the diffusion 
apparatus in an embodiment; 

FIGS. 3A—3D are comparative diagrams of the phospho 
rus diffusion process recipe in a comparative example and an 
example of the present invention; and 

FIG. 4 is a simpli?ed structural diagram of a conventional 
diffusion apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The phosphorus diffusion process for implementing the 
semiconductor device manufacturing method or the sub 
strate treatment method pertaining to the present invention 
Will noW be described through reference to FIG. 1. A 
monocrystalline silicon Wafer is used for the substrate. First, 
the monocrystalline silicon Wafer 10 shoWn in FIG. 1(A) is 
placed in an oxidation furnace (not shoWn) and heated to 
1000° C. to form an SiO2 ?lm 11 in a thickness of 1000 
angstroms on the silicon Wafer 10 (FIG. 1(B)). 

Next, the Wafer 15 on Which this SiO2 ?lm 11 has been 
formed is taken out of the oxidation furnace and placed in a 
loW pressure CVD furnace (not shoWn). Monosilane gas is 
supplied to this loW pressure CVD furnace at 550° C. or 
loWer to form an amorphous silicon ?lm 12 in a thickness of 
480 angstroms over this SiO2 ?lm 11 (FIG. 1(C)). The 
reaction formula here is as folloWs, in Which a-si refers to 
amorphous silicon. 

The Wafer 15 on Which the above-mentioned amorphous 
silicon ?lm 12 has been formed is then placed in a diffusion 
furnace, Where phosphorus diffusion is performed on the 
amorphous silicon ?lm 12. Speci?cally, the Water is trans 
ported into and heated in a reaction chamber inside a 
reaction tube heated in a loW pressure state of about 133 Pa. 
The diffusion conditions comprise a process temperature of 
800° C. or loWer and a pressure Within the furnace of 4000 
Pa or less. The dopant gas is, for example, a mixed gas 
consisting of N2 gas containing 1% phosphine (PH3). This 
mixed gas is supplied to the reaction chamber at no more 
than a ?ux of 0.5 slm. The supply of this mixed gas is 
commenced along With the raising the temperature of the 
Wafer, rather than Waiting for the Water to reach the speci?ed 
process temperature of 800° C. or loWer. Phosphorus is 
diffused in the amorphous silicon ?lm 12 being the under 
lying ?lm by alloWing the mixed gas to How over the Wafer 
15 for the speci?ed time (FIG. 1(D)). A mixed gas contain 
ing PH3 gas in H2 gas, or a mixed gas containing PH3 gas 
in helium gas may be used instead of the above-mentioned 
mixed gas. 

The reaction formula here is as folloWs. 

P—Si here stands for polysilicon doped With phosphorus. 
The (3/2)H2 is exhausted from the diffusion furnace. 
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6 
FIG. 2 is a simpli?ed structural diagram of the diffusion 

apparatus including the diffusion furnace 21 used in the 
above embodiment. 
The diffusion furnace 21 is a hot-Wall type of single-Wafer 

processing apparatus, and mainly comprises a reaction tube 
22 having a reaction chamber 22a formed in its interior, a 
gas introduction ?ange 28 provided at the inlet to the 
reaction tube 22, an exhaust ?ange 29 provided at the outlet 
of the reaction tube 22, and a heater 24 that serves as the 
heating mechanism. The reaction tube 22 is consisted of a 
quartZ tube or the like. A Wafer 23, on Whose surface is 
formed a silicon ?lm such as an amorphous silicon ?lm, is 
placed in the reaction chamber 22a. One or more of these 
Wafers 23 are inserted and laid ?at therein. 

The temperature of the Wafer 23 in the reaction chamber 
22a is raised to the speci?ed process temperature by the 
heater 24 provided around the outside of the reaction tube 
22. This heater 24 can be a resistance heater, for instance. 

Either phosphine (PH2) gas alone or a mixed gas con 
taining phosphine, such as a mixed gas of PH3 and N2, is 
introduced into this diffusion furnace 21 through a gas 
supply pipe 25. The phosphorus or mixed gas containing 
phosphine passing through the gas supply pipe 25 is sup 
plied at a speci?c timing from the gas introduction ?ange 28 
to the reaction chamber 22a, decomposed, and activated. 
The gas supplied to the reaction chamber 22a is pumped out 
of the exhaust ?ange 29 through a gas exhaust pipe 31 by a 
vacuum pump 30. 
A control valve 26 is provided at some point along the 

above-mentioned gas supply pipe 25. The timing at Which 
the mixed gas is supplied to the reaction chamber 22a is 
determined by controlling the control valve 26 With a 
controller 27. The pressure in the reaction chamber 22a is 
controlled by opening and closing an automatic pressure 
control valve (not shoWn) provided to the gas exhaust pipe 
31 according to the pressure in the reaction chamber 22a. 
This control is effected by the above-mentioned controller 
27 . 

The gas introduction mechanism of the present invention 
comprises the above-mentioned gas supply pipe 25. The gas 
exhaust mechanism comprises the above-mentioned 30 and 
gas exhaust pipe 31. The control mechanism comprises the 
above-mentioned controller 27 and control valve 26. 
A method for diffusing phosphorus into a silicon ?lm 

using this diffusion apparatus Will noW be described. 
AWafer 23, on Whose surface is formed a silicon ?lm such 

as an amorphous silicon ?lm, is placed in the reaction 
chamber 22a. Along With the Wafer insertion, the raising 
temperature of the Wafer 23 by the heater 24 is begun, and 
the temperature of the Wafer is raised to the process tem 
perature over a speci?c length of time After the Wafer 
insertion, the reaction chamber 22a is purged for a speci?c 
length of time With N2 gas. After N2 purging, the control 
valve 26 is opened by the controller 27, and the phosphine 
or mixed gas containing phosphine such as the mixed gas 
containing PH3 and N2 is continuously supplied to the 
diffusion furnace 21 both during and after the Wafer tem 
perature raising. The supplied gas ?oWs from the gas intro 
duction ?ange 28 into the reaction chamber 22a, and gas is 
exhausted from the exhaust ?ange 29 so that the pressure 
inside the reaction chamber 22a Will be kept at the speci?ed 
pressure. The silicon ?lm is exposed to PH3 both during and 
after Wafer temperature raising, Which diffuses vapor phase 
phosphorus into the silicon ?lm on the Wafer 23. After the 
mixed gas has ?oWed for the speci?ed time, the supply of 
mixed gas is halted and phosphorus diffusion concluded. 
After any residual gas has been exhausted, the Wafer 23 is 
taken out of the reaction chamber 22a. 
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The following are the preferred treatment conditions 
(process recipe) for phosphorus diffusion. 
(a) Process Temperature 

The silicon ?lm being doped is amorphous silicon, and if 
it is heated to over the temperature at Which it becomes 
polysilicon (about 600° C.), doping Will become the rate 
determining factor through the relationship of the atomic 
bonds, so the process temperature should be loW. Control 
ling the heating of the underlying diffusion layer (silicon 
?lm) Will also be easier With a loW-temperature process. 
MeanWhile, phosphorus diffusion can be broadly broken 
doWn into three recipe events: temperature raising (pre 
doping), main doping, and exhaust, but out-diffusion Will 
occur if 800° C. is exceeded during exhaust, resulting in a 
higher proportion of phosphorus going into the silicon ?lm. 
Therefore, since there is an overall need for a loWer 
temperature, the process temperature should be betWeen 450 
and 800° C. The above-mentioned pre-doping refers to 
phosphorus doping in the course of the temperature raising 
of the substrate, While main doping refers to phosphorus 
doping after the temperature of the substrate has been raised 
to the process temperature. 
(b) Pressure 

For the sake of shortening the event time of exhaust in the 
above-mentioned recipe events, and achieved the required 
amount of doping (phosphorus concentration), the pressure 
should be betWeen several hundreds of Pa and several tens 
of thousands of Pa. 
(c) Gas Type 

The mixed gas is composed of a raW material gas con 
taining a dopant, and a carrier gas that carries this raW 
material gas. A gas containing phosphorus (P) such as 
phosphine (PH3) is preferable as the raW material gas. 
Hydrogen (H2), an inert gas (N2, He), or the like is good as 
the carrier gas. In more speci?c terms, a 1% PH3/N2 base, 
1% PH3/H2 base, or 1% PH3/He base is good. “1% PH3/N2 
base” as used here means that a base N2 gas contains 1% 
phosphine PH3. N2, Which is the same as the purging gas, is 
generally used for the carrier gas. 
(d) Gas Flux 

This Will vary With the doping concentration and the 
treatment pressure, but since a loWer ?ux is needed in order 
to keep running costs loW, the gas ?ux is preferably 0.01 to 
0.5 slm. 
(e) Temperature Raising Time 

Since this time must be as short as possible in terms of 
controlling the underlying diffusion layer region, the tem 
perature raising time is preferably 1 to 3 minutes. For 
example, When the time is 2 minutes, the N2 gas purging 
time Will be 0.5 minutes and the PH3 supply time Will be 1.5 
minutes. 
(f) Time BetWeen Wafer Insertion and Removal 

This is a parameter that needs to be shortened, and When 
throughput is taken into account, the time betWeen Wafer 
insertion and removal is preferably 3.0 to 10.0 minutes. For 
example, When the time is 6.0 minutes, the temperature 
raising time (including pre-doping) Will be 3.0 minutes, the 
main doping time Will be 2.0 minutes, and the exhaust time 
Will be 1.0 minute. 
(g) Time BetWeen Wafer Insertion and PH3 Introduction 

This is the time up to the start of pre-doping. Due to gas 
interlock considerations, it is difficult to let the PH3 ?oW 
immediately after the start of the recipe, and a certain 
interval must be left, so the time from Wafer insertion up to 
the introduction of PH3 is preferably 5.0 seconds to 0.5 
minute. 
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(h) PH3 Supply Time 

This Will vary With the doping amount (phosphorus 
concentration), but since the objective is to shorten the time 
and to improve the throughput, it is preferable for the supply 
of PH3 to take from 1.0 to 7.0 minutes. This time indicates 
the sum of the pre-doping time and the main doping time. 
(i) Exhaust (Residual Gas Removal) Time 

This time must be shortened in order to control out 
diffusion, and if We include the N2 replacement time and the 
above-mentioned out-diffusion, the exhaust (residual gas 
removal) time is preferably 0.5 to 2.0 minutes. 
The effect that the timing from Wafer insertion up to the 

start of the PH3 How has on the phosphorus concentration 
here Was examined. FIG. 3 is an evaluative process recipe, 
Where (A) is a comparative example, (B) and (C) are 
Working examples, and in Which the timing from Wafer 
insertion up to the start of the PH3 How is varied. The 
conditions are the same in every case; the temperature inside 
the furnace is 700 to 800° C., the pressure in the furnace is 
2000 to 4000 Pa, the dopant gas is a mixed gas of N2 gas 
containing 1% phosphine (PH3), and the mixed gas ?ux is at 
any value no more than 0.5 slm. The time it took from Wafer 
insertion until the temperature of the Wafer Was raised to the 
process temperature Was T2 minute, and this is the same in 
all the examples and is the heating time shoWn in FIG. 3D. 
In the comparative example (a) and a Working example (b), 
but not in example (c), the time from Wafer insertion to 
Wafer removal Was T4 minute, With the total treatment time 
being the same. 

With the process recipe of the comparative example 
shoWn in FIG. 3A. N2 purging is performed at 0 to T2 
minute, the PH3 ?oW is started at T2 minute and concluded 
at T3 minute, and exhaust is performed at T3 to T4 minute. 
In this comparative example the PH3 ?oW begins after the 
Water temperature has reached the process temperature. The 
uniformity of phosphorus concentration Within the Wafer 
plane here Was 14.8%, and the phosphorus concentration 
Was 3.8><102O atoms/cm2. 

With the process recipe of the Working example shoWn in 
FIG. 3B, N2 purging is performed at 0.0 to T1 minute, the 
PH3 How is started at T1 minute and concluded at T3 minute, 
just as in the comparative example. With this PH3 ?oW, 
pre-doping is performed until the T2 minute it takes for the 
inside of the furnace to reach the process temperature, While 
main doping is performed from the T2 minute point at Which 
the inside of the furnace reaches the process temperature. 
The PH3 How is halted and exhaust is performed at T3 to T4 
minute. In this example, the PH3 ?oW starts before the 
temperature of the Wafer reaches the process temperature. 
The uniformity of phosphorus concentration Within the 
Wafer plane here Was 13.1%, and the phosphorus concen 
tration Was 4.2><102O atoms/cm2. The phosphorus concen 
tration uniformity reaches less than 13% under these con 
ditions. 
With the process recipe of the Working example shoWn in 

FIG. 3C, N2 purging is performed at 0 to T1 minute, the PH3 
How is started at T1 minute and continued until t3 minute, 
making it longer than in the comparative example of FIG. 
3A and in the Working example of FIG. 3B. Therefore, 
pre-doping is performed at T1 to T2 minute, While main 
doping is performed T2 to t3 minute. The PH3 How is halted 
and exhaust is performed at t3 to t4 minute With the time 
betWeen Wafer insertion removal being t4 minute (T4<t3). In 
this example, the PH3 How is continued for a relatively long 
time even after the temperature of the Wafer reaches the 
process temperature in order to better promote the diffusion 
of phosphorus into the silicon ?lm and further increase the 
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uniformity of phosphorus concentration. The uniformity of 
phosphorus concentration Within the Wafer plane here Was 
about 11.5%, and the phosphorus concentration Was 5.0x 
102O atoms/cm2. 

These evaluation results reveal that if the start timing 
from Wafer insertion to PH3 How is set to be before T2 
minute, that is, before the temperature of the Wafer reaches 
the process temperature, then the silicon ?lm can be exposed 
to PH3 While being heated, and the phosphorus is doped in 
silicon ?lm so that the rate-determining factor of polysilicon 
conversion of the silicon ?lm can be enhanced With the 
temperature being raised, and the phosphorus can be dif 
fused before the silicon ?lm has yet to make a complete 
transition to a polysilicon ?lm, so there is a good phosphorus 
concentration Within the Wafer plane. 
As discussed above, the timing of gas supply to the 

reaction chamber 22a should be controlled by the controller 
27 and the control valve 26 such that the miXed gas Will ?oW 
after the Wafer insertion but before a Wafer in-plane tem 
perature deviation has occurred, that is, before there is a 
complete conversion to a polycrystalline state. If the start 
timing of the miXed gas How is thus controlled, then even if 
a deviation should occur due to a non-uniform in-plane 
Wafer temperature in the temperature raising process, the 
phosphorus concentration distribution Will be an in-plane 
distribution that includes no hysteresis from the temperature 
raising process. It is therefore easier to keep the concentra 
tion distribution uniform and to control the ?lm quality 
provided by the crystallinity of the underlying layer (the 
change from amorphous silicon to polysilicon). 

The above-mentioned embodiments Were for a case in 

Which the underlying layer Was amorphous silicon, but the 
present invention is not limited to this. The silicon ?lm may 
be in a miXed crystal state consisting of both amorphous and 
polycrystalline forms. For instance, the present invention 
can also be applied When the underlying layer is HSG. HSG 
consists of jagged hemispherical crystal grains formed on 
the surface of an amorphous silicon ?lm. This HSG is 
believed to be in the midst of a transition from amorphous 
to polycrystalline, and in a miXed crystal state consisting of 
both amorphous and polycrystalline forms. Therefore, even 
if the underlying layer is HSG, if the diffusion of phosphorus 
is begun before there is a complete conversion to a poly 
crystalline form, then the diffusion of phosphorus into the 
silicon ?lm Will be promoted and the phosphorus concen 
tration Will be more uniform. 

With the present invention, in the course of diffusing 
phosphorus into a substrate on Which a silicon ?lm has been 
formed, the phosphorus can be diffused into the substrate on 
Which has been formed a silicon ?lm that has yet to change 
into a polysilicon ?lm if the substrate is eXposed to phos 
phine or a miXed gas containing phosphine While the tem 
perature of the substrate is being raised. Accordingly, phos 
phorus diffusion is easier, the phosphorus diffusion 
concentration can be kept uniform Within the Wafer plane, 
and the uniformity of phosphorus concentration in a 
phosphorus-doped polysilicon ?lm can be improved. 
What is claimed is: 
1. A method for manufacturing a semiconductor device, 

comprising the steps of: 
transferring a substrate into a reaction chamber on Whose 

surface a silicon ?lm in a miXed crystal state consisting 
of both amorphous and polycrystalline forms has been 
formed; 

raising a temperature of the substrate to a process tem 
perature from a room temperature; and 

diffusing phosphorus in the silicon ?lm, 
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Wherein the diffusing step includes a diffusing step that 

diffuses the phosphorus in the silicon ?lm to obtain the 
uniformity of the phosphorus concentration in the sur 
face of the substrate to be less than 13%, by eXposing 
the substrate to phosphine or a miXed gas containing 
phosphine by supplying phosphine or the miXed gas 
containing phosphine to a reaction chamber through a 
gas supply pipe at some midpoint in the step in Which 
the temperature of the substrate is raised to the process 
temperature from the room temperature. 

2. The method for manufacturing a semiconductor device 
according to claim 1, Wherein the silicon ?lm is a silicon ?lm 
containing HSG. 

3. The method for manufacturing a semiconductor device 
according to claim 1, Wherein the miXed gas is a miXed gas 
containing phosphine and nitrogen, a miXed gas containing 
phosphine and hydrogen, or a miXed gas containing phos 
phine and helium. 

4. The method for manufacturing a semiconductor device 
according to claim 1, Wherein the process, temperature is 
450 to 800° C. 

5. The method for manufacturing a semiconductor device 
according to claim 1, Wherein the silicon ?lm is a nondoped 
?lm. 

6. The method for manufacturing a semiconductor device 
according to claim 1, Wherein the substrate continues to be 
eXposed to the phosphine or miXed gas containing phosphine 
even after the temperature of the substrate has reached the 
process temperature. 

7. A substrate treatment method, comprising the steps of: 
transferring a substrate into a reaction chamber on Whose 

surface a silicon ?lm in a miXed crystal state consisting 
of both amorphous and polycrystalline forms has been 
formed; 

raising a temperature of a substrate to a process tempera 
ture from a room temperature; and 

diffusing phosphorus in the silicon ?lm, 
Wherein the diffusing step includes a diffusing step that 

diffuses the phosphorus in the silicon ?lm to obtain the 
uniformity of the phosphorus concentration in the sur 
face of the substrate to be less than 13%, by eXposing 
the substrate to phosphine or a miXed gas containing 
phosphine by supplying phosphine or the miXed gas 
containing phosphine to a reaction chamber through a 
gas supply pipe at some midpoint in the step in Which 
the temperature of the substrate is raised to the process 
temperature from the room temperature. 

8. The substrate treatment method according to claim 7, 
Wherein the silicon ?lm is a silicon ?lm containing HSG. 

9. The substrate treatment method according to claim 7, 
Wherein the silicon ?lm is a nondoped ?lm. 

10. A method for manufacturing a semiconductor device, 
comprising the steps of: 

transferring a substrate into a reaction chamber on Whose 
surface a silicon ?lm has been formed; 

raising a temperature of the substrate to a process tem 
perature from a room temperature; and 

diffusing phosphorus in the silicon ?lm, 
Wherein the diffusing step includes a diffusing step that 

diffuses the phosphorus in the silicon ?lm to obtain the 
uniformity of the phosphorus concentration in the sur 
face of the substrate to be less than 13% by eXposing 
the substrate to phosphine or a miXed gas containing 
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phosphine by supplying phosphine or the mixed gas 
containing phosphine to a reaction chamber through a 
gas supply pipe before a deviation occurs in the tem 
perature in the surface of the substrate in the step in 
Which the temperature of the substrate is raised to the 
process temperature from the room temperature and 
Wherein the silicon ?lm is a silicon ?lm in a mixed 
crystal state consisting of both amorphous and poly 
crystalline forms. 
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11. The method for manufacturing a semiconductor 

device according to claim 10, Wherein the silicon ?lm is a 
silicon ?lm containing HSG. 

12. The method for manufacturing a semiconductor 

device according to claim 10, Wherein the silicon ?lm is a 

nondoped ?lm. 


